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POWER DISTRIBUTION ASSEMBLY 
WITH REDUNDANT ARCHITECTURE 

RACKCROTTND OF THE INVENTION 

[1] This invention relates to a power distribution assembly that incorporates an electrical 

architecture with improved redundancy to eliminate single point failures above an individual 
input/output module level by utilizing multiple power supplies and microprocessors 
independently connected to each input/output module. 

[2] Typically vehicles, such as an aircraft, utilize a power distribution assembly (PDA) to 

distribute power from a primary power source to various aircraft systems. A PDA includes a 
chassis mounted within the vehicle that houses multiple power modules, which are used to 
power the aircraft systems. Control modules are also housed within the PDA, for functions 
such as communications, microprocessing, etc. The power modules interact with the control 
modules to provide proper communication and control of power for each of the aircraft 
systems. 

[3] Traditionally, a PDA includes an active control microprocessor with a first power 

supply and a standby or back-up control microprocessor with a second power supply. A 
single arbitration card provides a communication interface for both the active and back-up 
control microprocessors. A common data bus is connected to each of the power modules 
and interfaces with the arbitration card. Thus, all command and status data between the 
microprocessors and each individual module is transmitted via the single arbitration card. 
This traditional architecture configuration is slow, inefficient, and has difficulties supporting 
high-speed aircraft data busses. It is also difficult with this configuration to expand the 
system to include satellite power distribution assemblies. 
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[4] Another disadvantage with this electrical architectural configuration is that a single 

point failure in the arbitration card or in the common data bus can result in loss of control 
of more than one power module. Further, the current autonomous configuration for each 
of the microprocessors prevents the microprocessors from having the ability to monitor the 
health of the other microprocessor and report problems. 

[5] It is desirable to provide an improved PDA with redundant electrical architecture to 

eliminate single point failures above an individual input/output module level. It is also 
desirable to provide a flexible PDA that can be used on different aircraft types. The PDA 
should have improved performance and efficiency in addition to overcoming the above 
referenced deficiencies with prior art systems. 



SUMMARY OF THE INVENTION 

[6] The subject invention provides a modular design for a power distribution assembly 

(PDA) with redundant electrical architecture to reduce the effect of single point failures. 
The PDA includes a plurality of power modules that are used to control vehicle systems. 
The subject PDA is configured such that single point failures will only affect the 
respective power module and will not result in loss of control of additional modules. 

[7] In the preferred embodiment, the PDA includes first and second microprocessors 

with separate serial busses that are in independent communication with each of the 
power modules. A first power supply powers the first microprocessor and each of the 
power modules and a second power supply powers the second microprocessor and each 
of the power modules. Thus, power modules are capable of being supplied with power 
from the first or second power supply. This configuration with independent 
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communication capability to each power module from different microprocessors and 
with independent power capability to each module from different power supplies 
provides the redundant architecture that improves reliability and system performance. 

Additionally the first and second microprocessors communicate with each other 
via both serial busses to determine which microprocessor is in active control and which 
microprocessor is on standby in addition to monitoring the health of the other 
microprocessor. Thus, one microprocessor can diagnose problems in the other 
microprocessor and take the appropriate action to ensure that the PDA operates 
according to specifications. 

The dual power supplies and microprocessors can be used to provide power and 
command signals to satellite power distribution assemblies having additional power 
modules for controlling additional aircraft systems. The PDA with the dual 
microprocessors, dual power supplies, and the plurality of power modules is often 
referred to as a master power distribution assembly. One master power distribution 
assembly can command multiple satellite power distribution assemblies. Each power 
module in a satellite chassis is connected to two different satellite serial busses that 
communicate with the serial busses for the first and second serial busses, respectively, in 
the master power distribution assembly. This configuration allows smaller satellite 
power distribution assemblies to be incorporated into the aircraft, which facilitates 
installation and provides more flexibility. 

The subject invention provides an improved PDA that reduces the effects of single 
point failures, and which is more efficient and reliable. These and other features of the 
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present invention can be best understood from the following specification and drawings, the 
following of which is a brief description. 

TtmFF PFSCPTPTTON OF THF T>K AWTNGS 

[11] Figure 1 is a block diagram of a prior art command and power architecture 

configuration for a power distribution assembly. 
[12] Figure 2 is a block diagram of the command and power architecture configuration 

incorporating the subject invention. 
[13] Figure 3 is a block diagram of distributed arbitration configuration of the subject 

invention. 

[14] Figure 4 is schematic diagram of the electrical architecture for the subject power 

distribution assembly. 

l~ [is] Figure 5 is a schematic diagram of the command architecture for the subject power 

distribution assembly. 

s Li: 

[16] Figure 6 is a schematic diagram of a satellite power distribution assembly 

incorporating the subject invention. 
[17] Figure 7 is an example of a vehicle application incorporating the subject invention. 

DETAILED DESCRIPTION OF AN FXFMPTARY FMBODTMFNT 

[18] A traditional architectural configuration for a vehicle power distribution system is 

shown in Figure 1 . This system is used in a vehicle, such as an aircraft, and includes a 
power distribution assembly (PDA) 12 that distributes power and commands to a plurality 
of power modules 14. The power modules 14 control aircraft systems, such as fuel, 
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hydraulic, navigation, and brake systems, for example. The subject invention is preferably 
incorporated into a secondary power distribution assembly (SPDA) system, however, the 
invention could also be used in other power distribution systems. Additionally, there are 
often multiple PDAs installed within the aircraft to more efficiently distribute power to all 
locations within the aircraft. This will be discussed in greater detail below. 

The traditional PDA 12 includes a first power supply 16 that powers a first 
microprocessor 18 and a second power supply 20 that powers a second microprocessor 22. 
Both microprocessors 18, 22 are interfaced with a single arbitration card 24. A common 
data bus 26 is connected to each of the power modules 14 and interfaces with the 
arbitration card 24. Additional discrete input/outputs 28 are also controlled via the 
common data bus 26. Thus, all command and status data between the microprocessors 
18, 22 and each individual power module 14 is transmitted via the single arbitration card 
24. From a failure standpoint, this configuration is disadvantageous because a single 
point failure at the data bus 26 or at the supervisor card 24 levels can result in loss of 
control of multiple power modules 14. 

Another disadvantage with this traditional electrical architecture is that it does not 
provide sufficient flexibility and processing throughput to meet the increased demands of 
today's aircraft systems. Additionally, the traditional electrical architecture requires 
significant redesign when one PDA for a first application is incorporated into a second 
application that requires additional communication and power distribution options. The 
subject invention addresses this problem by providing a modular design for a PDA with 
families of modules that are installed within a chassis. The modular PDA can be 
implemented in multiple different applications without requiring significant redesign of 
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hardware, electrical architecture, and/or packaging. The mechanical packaging aspect of the 
PDA is described in U.S. Application Serial No. 09/911,751, filed on My 23, 2001 entitled 
"Serviceable Power Modules For A Power Distribution Assembly." The teachings of that 
application are incorporated into this specification by reference. 
[21] The subject invention is directed toward an electrical architecture that is easily 

incorporated within the modular PDA to increase operating efficiency and reliability. A 
schematic diagram of this unique electrical architecture is shown in Figure 2. The modular 
PDA includes a plurality of power modules 30 that provide outputs 32 to various aircraft 

J2 systems as described above. A first microprocessor 34 is connected to each of the power 

'~> - 

O modules 30 with a first serial bus 36. A second microprocessor 38 is connected to each of 

=E the power modules 30 with a separate second bus 40. 

J fc [22] A first power supply 42 includes a microprocessor power supply portion 44 that 

17. powers the first microprocessor 34 and a power module supply portion 46 that powers 

f% each of the power modules 30. A second power supply 48 includes a microprocessor 

power supply portion 50 that powers the second microprocessor 38 and a power module 
supply portion 52 that powers each of the power modules 30 independently from the first 
power supply 42. 

[23] The first microprocessor 34 is also in communication with the second 

microprocessor 38 via the first serial bus 36 to monitor the health and diagnose problems 
with the second microprocessor 38. The second microprocessor 38 is in communication 
with the first microprocessor 34 via the second serial bus 40 to monitor the health and 
diagnose problems with the first microprocessor 34. The microprocessors 34, 38 
communicate with each other to independently determine which microprocessor 34 or 38 
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is in active operating control and which microprocessor 34 or 38 is on standby or back-up 
control. 

[24] This communication configuration serves as a distributed arbitration function with 

a predefined logic function 54 that determines and controls transmission of data to and 
from the microprocessors 34, 38, shown in Figure 3. The active operating control 
microprocessor transmits and receives data while the standby microprocessor only receives 
data. However, once a problem is diagnosed by the standby microprocessor, such as the 
active operating control microprocessor failing to meet on operating specification, the 
standby microprocessor becomes the active operating microprocessor to ensure that the 
PDA operates efficiently under all operating conditions. 

[25] A power supply block diagram for the subject invention is shown in Figure 4. As 

described above, there are first 42 and second 48 power supplies that each power one 
microprocessor 34, 38 and redundantly power all of the other modules 30 (only one 
module 30 is shown in Figure 4). The power module 30 shown in this diagram includes an 
internal power supply (IPS) 56 that is capable of receiving power from either of the two 
power supplies 42, 48 and locally regulates the voltage for use on the module. Power 
modules 30 in a master PDA and 68 in a satellite PDA have an additional output 33 that 
can be used to power the PDAs power supply module(s). Thus saving vehicle wiring. 

[26] Each power module 30 also utilizes at least one Solid State Power Controller 

(SSPC) 58 to control multiple loads to provide flexibility for the output loads 32. The 
SSPCs 58 may have a fixed overload trip setting and/or a programmable overload trip 
setting. The combination of fixed and programmable SSPCs 58 is tailored to the specific 
application. 
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[27] A communication block diagram for the subject invention is shown in Figure 5. As 

described above, there are first 34 and second 38 microprocessors that are in independent 
communication with each of the power modules 30. The first microprocessor 34 
communicates with the second microprocessor 38 and with each of the power modules 30 
via the first serial bus 36. The second microprocessor 38 communicates with the first 
microprocessor 34 and each of the power modules 30 via the second serial bus 40. 

[28] Each of the microprocessors 34, 38 also are connected to a shared high bandwidth 

parallel bus 60 for communication with a vehicle data bus 62. In the event of a failure of this 
parallel bus 60 or of the vehicle data bus 62, the PDA can receive redundant data from 
another or complementary PDA in the aircraft. The combination of both microprocessors 34, 
38, both power supplies 42, 48, and the power modules 30 is referred to as a master power 
distribution assembly, referred generally at 64 in Figure 5. 

[29] This electrical architecture configuration as used in a master PDA 64 also facilitates 

connection to satellite power distribution assemblies 66, shown generally in Figure 6. Each 
satellite PDA 66 includes a power supply and a plurality of satellite power modules 68 that 
provide output loads 32 to different aircraft systems. Satellite power modules 68 may be 
identical to the power modules 30 in the master PDA 64. A first satellite serial bus 70 
provides a communication path between the first serial bus 36 and each of the satellite power 
modules 68. A separate second satellite serial bus 72 provides a communication path 
between the second serial bus 40 and each of the satellite power modules 68. 

[30] Thus, the dual microprocessors 34, 38 from the master PDA 64 are used to 

provide command signals to satellite power modules 68 for controlling additional aircraft 
systems. One master PDA 64 can command multiple satellite PDAs 66. This 
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configuration allows smaller satellite PDAs 66 to be incorporated into the aircraft, which 
facilitates installation and provides more flexibility. 

An example of one aircraft application with multiple master 64 and satellite 66 
PDAs is shown in Figure 7. In the forward avionics area there are two (2) master PDAs 
64 each of which is connected to a multifunction control display unit (MCDU) 74 and an 
avionics computer 76. Each master PDA 64 has two (2) satellite PDAs 66 located at 
remote locations in the aircraft. In the application example of Figure 7, one satellite 
PDA 66 is located near the forward galley 78, another is located near the aircraft mid- 
section 80, and another is located near the aft galley and tail section 82. 

The subject invention provides a highly reliable integrated PDA system that can 
be easily incorporated into different aircraft and other vehicle applications. The system 
has a distributed architecture that prevents any single point failure from causing loss of 
control of more than one input/output power module 30 or 68. The system utilizes dual 
microprocessors 34, 38 and dual power supplies 42, 48 to provide redundancy and 
increased reliability. The dual microprocessors 34, 38 also provide commands to 
multiple satellite PDAs. Thus, the subject invention provides increased flexibility, 
reliability, and improves packaging options for multiple vehicle applications. 

The aforementioned description is exemplary rather that limiting. Many 
modifications and variations of the present invention are possible in light of the above 
teachings. The preferred embodiments of this invention have been disclosed. However, 
one of ordinary skill in the art would recognize that certain modifications would come 
within the scope of this invention. Hence, within the scope of the appended claims, the 
invention may be practiced otherwise than as specifically described. For this reason the 
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following claims should be studied to determine the true scope and content of this 
invention. 
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